Many laboratory animals are known to be sensitive to sounds (ultrasounds) beyond the nominal upper limit (20 kHz) of the human hearing range. Sources of sound in laboratories and animal houses were examined to determine the extent of ambient ultrasound. Of 39 sources monitored, 24 were found to emit ultrasonic sounds. Many of these (e.g. cage washers and hoses) also produced sound in the audible range. Running taps, squeaky chairs and rotating glass stoppers created particularly high sound pressure levels and contained frequencies to over 100 kHz. The oscilloscopes and visual display units investigated provided particular cause for concern as they emitted sounds that were entirely ultrasonic and therefore were apparently silent. Ambient ultrasound therefore appears to be common in laboratories and animal houses. It is suggested that its effect on laboratory animals should be investigated and guidelines on acceptable levels be formulated.
Most species of laboratory mammals are far more sensitive than man to high frequency sounds and their upper limit of hearing extends beyond that of man (Brown & Pye, 1975) . The human ear is most sensitive to sounds of around 2 kHz; above this sensitivity declines to the upper limit of human hearing at about 20 kHz (Fletcher, 1929) . Sounds above 20 kHz are therefore called ultrasonic. Cats, rats and mice are sensitive to frequencies up to about 80 kHz and many of the smaller primates can hear up to 40 kHz (see Brown & Pye, 1975;  Heffner & Heffner, 1980) . In rodents, this sensitivity to high frequencies is not surprising as many species use such sounds for communication. Ultrasonic calls are also associated particularly with sexual behaviour and with parent-infant interactions (Sales & Pye, 1974) .
It is known that extraneous sounds may be stressful to animals and may have profound behavioural, physiological and even anatomical effects. For example audiogenic seizures (sound induced convulsions) have been reported in mice, rats and hamsters (see Clough, 1982; Gamble, 1982) . Clough (1982) reviews the phenomenon of 'audio-conditioning': weanling mice of any strain can be made susceptible to audiogenic seizures later in life by exposure to sound, as brief as 10 s, soon after they begin to hear. Such audio-conditioned mice may remain susceptible to seizure for several months after the initial 'sensitizing' exposure and may show atypical responses to drug treatment. In female rats exposure to noise has been associated with elevated blood pressure and water consumption (Morseth et al., 1985) , while in male rats sound has been implicated in decreases in both blood glucose and insulin levels (Armario et al., 1985) . Hypertension and changes in reproductive function, immune response and tumour resistance are caused by exposure to particularly loud sounds (see Clough, 1984) and prolonged exposure to such sounds can cause anatomical damage to the sensory cells of the cochlea in guinea pigs (Petersen, 1968) .
Many of the above studies have concentrated on the effects of sounds audible to man but there is some evidence that ultrasonic sounds can have similar consequences. Diuresis and increased urinary excretion of sodium has been reported in rats exposed to 20 kHz at 100 dB for 2 min (Lockett, 1970) . Intense ultrasound can also damage the auditory system of guineapigs and rats (Pye, 1973; Sales, unpublished observation) and some strains of rodents show audiogenic convulsions to pure ultrasound (see Clough, 1982) .
Ultrasonic sounds are generated by some mechanical and electronic equipment and so may well be present in laboratories and animal houses. Estimations of sound levels in these areas generally involve equipment that is tailored to human auditory sensitivity and so does not measure ultrasonic frequencies. replayed at the original recording speed and the signals were passed through a Krohn-Hite model 3500 filter, to remove frequencies outside a 10-160 kHz range, before~eing displayed on a Telequipment D63 oscilloscope. The maximum peak-to-peak amplitude of the signals on each recording was measured from the oscilloscope screen and was converted directly into sound pressure level (SPL) in dB re 2 X 10-5 Pa RMS using a prepared conversion chart. This gave a reading of the maximum SPL of the total sound (see below).
Frequency characteristics were determined from recordings made at a distance of 0·25 m. A Kay 7029A Spectrum Analyzer was used to produce a graph of frequency against time, a sonagram, of brief, 75 or 150ms, samples of sound. In addition a Bruel and Kjaer High Resolution Signal Analyzer Type 2033 was used to obtain frequency spectra, graphs of relative amplitude (in dB) against frequency. For short, variable sounds this was used in the 'Max Hold' mode which retains the maximum amplitude at each frequency over a 30 s sample. With continuous, unvarying sounds, such as that produced by Visual Display Units (VDUs) the signal was averaged over 32 samples from within a 30 s recording so the peaks obtained would not necessarily be the maximum values present. However, as the signals were apparently unvarying the averaged peak value would approximate the maximum value.
For both methods of analysis the taperecordings were played at reduced speed (3% or 1Ys ips) to bring the frequency of the recorded signals within the working range of the equipment. The measurements from these reduced-speed recordings were subsequently readjusted by the appropriate conversion factors.
A standard voltage test signal of 20 kHz generated by a Venner Electronics Wide-Range Oscillator was recorded prior to all experimental recordings. It was monitored at the beginning of every replay to check the accuracy of subsequent SPL and frequency measurements on play-back.
Results
Fifteen of the sound sources monitored were considered to have no significant ultrasonic output. These included microcomputers and disc-drives, ventilation fans, fluorescent and infrared lights. The other sources all generated appreciable amounts of ultrasound. All except one of these produced broadband sounds, that is covering a wide range of frequencies often both audible and ultrasonic. The one exception was an oscilloscope that produced a continuous tone at a single frequency of 28 kHz ( Fig. 1 ) and with a sound pressure level of 48 dB at 1 m from the source (Table 1) .
The distribution of sound energy within the broadband noises varied between different sources. Some sounds, such as those generated by visual display units (VDUs), glass stoppers rotated in bottles, and equipment with electric motors, consisted of a fundamental frequency (here the lowest frequency) and a series of harmonics (at simple multiples of the fundamental frequency) (Fig. 2) . Not all harmonics were present at equal amplitude. Additional components, with no particular harmonic relationship to the others, were sometimes also present particularly in sounds from the colour monitors. The fundamental frequency of the motors and squeaky objects was generally 1-2 kHz and so were well within the human hearing range, but that of the VDUs was 15-16 kHz and so inaudible to many people (Table 1 ). In the sounds from VDUs harmonics extended up to 160 kHz and the overall SPL was around 60 dB at o· 50 m. Analysis of the sounds from squeaky doors and bottle tops showed components of over 100 kHz present. A ringing telephone generated a series of frequency components up to 160 kHz. Sounds with 'noisy' broadband components and no obvious freqtiency patterns were generated by an aquarium pump, a TV camera and by a number of cleaning devices such as a vacuum hose, floor scrubber, steam cage cleaner and also by a macerator (Fig. 3) . The upper frequency recorded from these items varied from 60-80 kHz from a macerator alarm and a steam cleaner to 140kHz from a vacuum hose and a high pressure water hose (Table 1) . Maximum SPLs for sound over 10 kHz varied from around 102 dB for the vacuum hose to 83 dB for the macerator alarm when measured at l' 00 m. Running taps produced complex sounds with continuous 'noisy' structures and also short bursts of sound that extended up to 160 kHz (Fig. 4) , with SPLs of up to 95 dB for components more than 10 kHz at O' 50 m. Bubbles rising to the surface of an aquarium also produced broadband bursts of sound containing energy up to 160 kHz and at SPLs of around 58 dB for components over 10kHz measured at O·50 m.
Discussion
This study has shown that many items of equipment commonly found in laboratories and animal houses produce sounds with ultrasonic components. In many cases the sounds also have components audible to man and so can be readily identified. Some sounds, however, for example those emitted by oscilloscopes and visual display units contain no detectable audible component and so are apparently silent. It should be noted that the SPLs and the noise spectra reported here may not be exactly reproduced under other recording conditions; different room dimensions and construction and the presence of other equipment whether silent or not, can markedly affect the acoustics of the area being studied. The ultrasonic sounds studied here are clearly at frequencies well within the hearing range of many laboratory animals. They are probably also well above threshold levels at those frequencies. Behavioural tests have shown that the absolute auditory sensitivity of rats is less than 10dB SPL at 38 kHz (Kelly& Masterton, 1977) ' " g 100
Ii: (Ehret, 1976) . Cats show a broad range of sensitivity with thresholds below 20 dB for sounds of 250 Hz to 32 khz and below 40 dB for sounds up to 64 kHz (Heffner & Heffner, 1985) .
The results are therefore of interest for two reasons. Firstly it seems probable that laboratory animals are commonly exposed to ultrasounds, some of them very intense, well within their hearing range, e.g. telephones, squeaky doors and chairs, running and dripping taps and particularly cleaning equipment such as vacuum hoses. If such noises are produced close to the animals they could well be stressful and so induce adverse effects similar to those attributed to audible sounds. From an animal welfare point of view, therefore, it would appear that ambient levels of ultrasound in laboratories and animal houses should be monitored regularly and dampened if necessary. Secondly, some of the apparatus (including those assumed to be silent such as oscilloscopes and VDUs) are now used increasingly in behavioural and physiological experiments on laboratory mammals. If these sounds sources have any physiological or behavioural effects they could well confound experimental results. Recently it has been shown that purely ultrasonic signals do indeed affect behaviour in laboratory rats. Nicol (1986) The effects of such sound on laboratory animals should be investigated more fully and threshold levels and habituation times for any effects should be determined as far as possible. It is hoped that such work will both reveal more of the biological significance of ultrasound to rodents and also allow guidelines to be formulated on acceptable levels of ultrasound in laboratories and animal houses. 
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